Objective: To determine the efficacy of clomiphene citrate (CC) in preventing luteinizing hormone (LH) surge without adding gonadotropin releasing hormone (GnRH) antagonist or GnRH agonist in stimulated first fresh intracytoplasmic sperm injection cycle by evaluating the outcome of oocytes and embryo quality. Design: Registry cohort study. Settings: Fertility Clinic Registry at Hospital University Kebangsaan Malaysia. Patients: A total of 235 fresh stimulated ICSI cycle for patients aged 18-40 years old using clomiphene citrate plus gonadotropin (n = 117) and GnRH antagonist plus gonadotropin (n = 118) were studied. Intervention: Comparing two different ovarian stimulation protocol. Main outcome measure(s): Social economical demographic, ovarian stimulation response and laboratory outcome. Fertilization rate as our primary outcome and our secondary outcome were oocyte retrieval rate, mature oocyte rate and top quality embryo rate. Result(s):There were no difference in the demographic and hormonal characteristic of the study groups. The primary outcome of fertilization rate has significant difference with p value of 0.003; 73.2% for CC group and 64.2% for GnRH antagonist group. The secondary outcome of OR rate (78.4% ± 17.6% VS 80.3% ± 13.4%, p = 0.368), mature oocyte rate (85.2% ± 19.0 VS 81.7% ± 16.7%, p = 0.130) and top quality embryo rate (79.4% ± 24.2% VS 74.9% ± 22.9%, p = 0.178) were comparable between both groups. There were significant difference between the endometrial thickness on the day of trigger and OHSS risk among both groups (8.5 mm ± 1.0 mm VS 9.4 mm ± 1.1 mm, p < 0.001 and 12.8% VS 44.1% respectively).
INTRODUCTION
Controlled ovarian stimulation (COS) is an important component in IVF in order to yield optimum number of oocytes with the aim of achieving the best pregnancy outcome (1) . There are various protocol that were created to assist patient to conceive without compromising the outcome, such as cycle cancellation due to premature ovulation secondary to LH surge and unwanted complication such as ovarian hyperstimulation syndrome (OHSS). This maximum ovarian stimulation has been challenged by International Society for Mild Approaches in Assisted Reproduction (ISMAAR) Original article tion and stimulation days for patients undergoing ICSI (1, 2, 3) . It has become a popular for patients with good prognosis, poor responders and women of advanced age as an alternative to conventional protocol (1, 4, 5) . Premature LH surge during ovarian stimulation has become the main concern for clinicians (6) as it would lead to poor quality of oocyte, poor fertilization and cycle cancellation. The incidence of LH surge was reported to be as high as 15-30% (6) leading to cycle cancellation which is unacceptable to the patients and clinicians. This lead to the role of adding GnRH antagonist or GnRH agonist protocol in IVF to prevent LH surge. Agonist protocol has become less popular as it required more injection and prolonged stimulation which was considered unfriendly to the patients. More than 60% of our ICSI patients undergoing ovarian stimulation using antagonist protocol and the rest were by natural or long agonist protocol for the past 10 years. This explained the reason of using GnRH antagonist protocol as a control in our study.
Clomiphene citrate (anti-estrogen) is used commonly in minimal stimulation protocol as an ovarian stimulation agent. It has a role acting as anti-estrogen blocking the negative feedback to hypothalamus pituitary axis in returns stimulating FSH to produce more follicle (7) . Co-administration of CC and gonadotrophin is to reduce the dose requirement of gonadotrophin particularly for patient that prefer less injection. Many authors suggested the need of adding GnRH antagonist in preventing LH surge if CC was used in ovulation stimulation protocol (8) as it has showed to have higher cancellation rate due to LH surge. Extended use of CC till the day of trigger has been advocated recently as CC has its anti-estrogenic effect to block spontaneous LH surge replacing GnRH antagonist or GnRH agonist agents. Al-Inany (9) has proved the efficacy of CC from their research published in 2010 but in IUI patients. It was then further studied by Bhandari S (7) on IVF patients that the fertilization rate using this protocol was as high as 76.1% and it was a viable option without additional use of antagonists. But the study design was not a comparison study to show the effectiveness of CC to replace GnRH antagonist agent. Many recent studies showed acceptable cancellation rate for this protocol using CC (8.57%) which is lower than the standard rate (7). Using CC with gonadotrophin without adding GnRH antagonist was promising (8, 9, 10) as it was claimed to be user friendly with less injection, less gonadotrophin requirement and less cost burden to patients.
AIM
CC has been used since last few decades in our center as ovarian stimulation agents in ICSI cycle. One of the advantage of using CC in ICSI is that it could reduce the usage and total cost of gonadotropin as we are movingly slowly towards minimal stimulation protocol. Recently we have extended it's used to 10 days and we hypothesize that CC is as effective as GnRH antagonist in preventing LH surge by looking at the laboratory outcome of the oocyte and embryo. Fertilization rate is our primary outcome and our secondary outcome were oocyte retrieval (OR) rate, mature oocyte rate and top quality embryo rate. Poor oocyte and embryo quality and less number of fertilized embryo is best reflecting the evidence of LH surge without the need of checking LH level in blood or urine. We do not study on pregnancy outcome as there are various confounding factors affecting the outcome particularly the causes if infertility.
MATERIALS AND METHODS

Patient selection
This was a retrospective study evaluating the efficacy of clomiphene citrate in comparison with the conventional GnRH antagonist protocol in preventing LH surge among patients aged 18-40 years old undergoing ICSI in our MAC clinic at University Kebangsaan Malaysia (partially funded hospital) between January 2016 and December 2017. The data was retrieved via medical records kept at MAC Fertility Clinic Registry. The exclusion criteria were 1) poor ovarian reserve (either FSH > 10 iu/L or AMH < 5.4 pmol/L); 2) azoospermia patients; 3) Large ovarian cyst > 3 cm, 4) previous failed IVF cycle; 5) BMI >30.0.
The women were stimulated using mild stimulation protocol with CC 50mg two tablet a day commenced since day one of menses. Gonadotropin with recombinant FSH (Gonal-F, Puregon) or hMG (Menopur) were added from day four of menstrual cycle onwards. The starting dose of gonadotropin was dependent on the age and causes of infertility. CC would be extended till day 10 of menstrual cycle. Transvaginal scan would be performed on day 8 or day 10 and scan would be repeated every 2 to 3 days according to the ovarian response. Gonadotropin would be continue beyond day 10 till the leading follicle reaching ³18 mm. Final oocyte maturation was achieved by human chorionic gonadotropin (HCG) with either subcutaneous pregnyl 10,000 iu or Ovidrel 0.25 mg.
For conventional controlled ovarian stimulation using GnRH antagonist protocol, patients would be stimulated with recombinant FSH (Gonal-F, Puregon) or hMG (Menopur) from day 2 or day 3 of cycle. Transvaginal scan would be performed on day 8 of cycle and repeated every 2 to 3 days depending on the response. GnRH antagonist agent (Cetrotide or orgalutran 0.25 mg) was added when the leading follicle reaching 14 mm (flexible protocol) in diameter and continued till triggering day with single dose HCG as mentioned earlier.
TVOR was performed 32-36 hours following HCG administration under sedation at day care theatre. Patient would be excluded if unexpected poor ovarian response or premature ruptured of follicle during the TVOR day. Serum E2, P4 and LH were not routinely performed during the ovarian stimulation in our centre.
ICSI
We performed ICSI for all the cases as these were partially funded program to ensure higher fertilization rate than conventional IVF. Embryo transferred was performed under ultrasound guided. One to two day 5-6 blastocyst was transferred in CC group and two to three day 3 cleavage embryo was transferred in control group. Luteal phase support was given based on different clinician and cases.
Study outcomes
We extracted data from the medical records on patient demographic, type of protocol, stimulation parameter and the laboratory outcome. Oocyte atresia, poor quality of oocyte and failure of fertilization was a consequences of premature LH surge. The indirect method to measure the evidence of LH surge was by study on the laboratory outcome as we do not perform blood or urine LH test for patients as the blood test result would release by few days after the blood taking. The study primary outcome was on fertilization rate and the secondary outcome included oocyte retrieval rate, mature oocyte rate and top quality embryo rate. OHSS risk was studied if the number of follicle during TVOR reaching ³ 15. Top quality was defined by Veeck's criteria for cleavage embryo day 3 and Gardner and Schoolcraft (1999) criteria for blastocyst day 5-6 blastocyst. The study was approved by ethical committee with NMMR-18-44-39835 S1 and FF-2018-164.
Statistical analysis
Descriptive analysis would be conducted for all variable. Appropriate cut off point would be obtained based on mean ± standard deviation (SD). Independent t test would be use to see the association between the demographic of the study group including age, baseline FSH level before starting treatment, total dosage and injectionof gonadotropin and total stimulation days. OR rate, mature oocyte rate, fertilization rate and top quality embryo rate were compared among the two stimulation protocol with independent t test. Chi square test would be use for comparison between the 2 groups with type of infertility and the risk of developing OHSS. Binary regression is conducted to analyze the causes of infertility for the dependent variable. Statistical significant would be set when p value is less than 0.05 using SPSS software 22 version.
RESULTS
In 2016-2017, there were total of 532 fresh stimulated ICSI cycle conducted in my centre. Among them, 382 (71.8%) cases using these two ovarian stimulation protocol. Fertilization rate was highly dependent on the quality of the oocyte and sperm, hence we decided to exclude patients with female age >40 years old, poor ovarian reserve (FSH > 10 iu/mL or AMH < 5.4 pmol/L) and azoospermia patients. We included total of 235 patients with complete data that underwent first and fresh stimulated ICSI cycle (no history of failed IVF) with CC plus gonadotropin protocol (n = 117) and GnRH antagonist protocol (n = 118).
The demographic and hormonal characteristic of study groups was shown in Table 1 . There were no signif- FSH: follicle stimulating hormone *expressed as mean + SD and p value was calculated by the student t test ¥ expresses in n (%) and p value was calculated by binary logistic regression ® expresses in n (%) and p value was calculated by chi square test icant difference among both protocol in age, type of infertility, causes of infertility and the baseline FSH level. Total gonadotropin dosage, total days of gonadotropin injection and OHSS risk were significant difference in CC group (Table 2 ). The total days of ovarian stimulation among two groups was not significant difference similar with standard protocol. Our study showed significant difference of endometrial thickness among both groups (8.5 mm ± 1.0 mm VS 9.4 mm ± 1.1 mm, p < 0.001).
Our primary outcome as in fertilization rate were significant difference with p value 0.003. Fertilization rate for CC group was 73.2% and GnRH-antagonist group was 64.2%. However the secondary outcome for our study for OR rate (78.4% ± 17.6% VS 80.3% ± 13.4%, p = 0.368), mature oocyte rate (85.2% ± 19.0% VS 81.7% ± 16.7%, p = 0.130) and top quality embryo rate (79.4% ± 24.2% VS 74.9% ± 22.9%, p = 0.178) were comparable among those two protocol.
DISCUSSION
CC is commonly used as an ovarian stimulation medication in intrauterine insemination (IUI) as the principle of management is targeting monofollicular stimulation unlike COS IVF-ICSI aiming for eight to twelve follicles in one cycle. The reason behind was not all follicles contain mature oocyte and the ultimate number of surviving embryo reaching cleavage or blastocyst stage would be lesser than the number of follicles seen during triggering day depending. Clinician would feel much comfortable getting more oocyte assuming that it is rather safe to keep the number of top quality embryo in optimum number to avoid cycle cancellation.
CC has been used in IVF-ICSI as minimal stimulation protocol particularly in high responder patients as these are the patients at risk of OHSS. The usage on CC in minimal stimulation has been commonly seen in patient with premature ovarian insufficiency with low anti-Mullerian hormone. Various studies have shown that natural or minimal stimulation protocol is more cost effective than COS as the ovarian reserved is markedly reduced. It is well known that increasing dosage of gonadotropin to maximum dose seems pointless to change the fact that only few number of primordial follicle that would be stimulated in each menstrual cycle. Unlike those normo-responsive patients in which 15-20 primordial follicle would be stimulated in each menstrual cycle. Gonadotropin is used to stimulate these follicles in order to get reasonable number of oocytes. COS has various complications include overstimulation leading to unwanted complications such as OHSS.
Our CC group were considered as minimal stimulation protocol as gonadotropin injection was started slightly later on day 4 of cycle where the peak of FSH was about to drop on this day. On the other hand, control group using GnRH antagonist as the pituitary down regulation agents had the gonadotropin injection started from day 2 to 3 onwards. This is consistent with other study (1-5, 11, 12) result in which the total gonadotropin dosage in ICSI cycle and total days of gonadotropin injection were significant lesser than the control group. This study protocol give various benefit to patients include less pain due to lesser subcutaneous injection of gonadotropin and acceptable cost for one IVF cycle. It is considered more user friendly particularly for those with needle phobic patients. Stimulated ICSI is costly due to expensive medications including injectable gonadotropin for ovarian stimulation, HCG or GnRH agonist trigger and prolonged luteal phase support with progesterone (intramuscular or vaginally) till 7-12 week of gestation if patient conceived. Replacing the GnRH antagonist by extending CC usage could further reduce the cost in ovarian stimulation agents as GnRH antagonist is rather costly compared to oral CC (Cetrorelix, Serono: $83.94 USD/vial; CC: $1.35 USD/tablet). In general, total dosage of GnRH antagonist is usually 5-6 vial per cycle (one vial 0.25 mg) and our total CC dosage is 1000 mg (one tablet 50 mg). It was very obvious that CC has added benefit as cheaper compared to GnRH antagonist agent (total amount of Cetrorelix: $419.7 USD-$ 503.6 USD VS CC: $27 USD). Our study has proved that it is more cost effective than conventional COS with antagonist protocol and we believed that it is suitable to be used particularly in financial constraint patients or funded hospital. This would give the opportunity to low or middle class patients to rear a genetically related child. As CC group was minimal stimulation protocol as mentioned earlier, the number of follicle during TVOR, number of oocyte retrieved during TVOR, number of mature oocyte MII, number of fertilized embryo and number of top quality embryo were significant lesser compared to control group (Table 3) . It sounded logical to obtain this findings as both groups were using two different approach where CC as in minimal stimulation protocol and control group was using COS protocol. This was not the aim of our study as we wanted to show that CC could be used safely as in GnRH antagonist in preventing premature LH surge without compromising the IVF outcome. We strongly believe that to start the gonadotrophin earlier as in antagonist group from day 2 or day 3 of menses would achieve the similar number of follicles, oocyte and embryos as in the control group.
The fertilization rate is very much dependent on the quality of oocyte and sperm. The result was 73.2% VS 64.2% in which the fertilization rate in CC group was significant higher than GnRH antagonist group. We concluded that CC could be safely use in preventing premature LH surge as it does not affect the quality of oocyte being fertilized by sperm but even better than conventional protocol with GnRH antagonist. We have proved that extensive ovarian stimulation with excessive number of follicles would certainly affect the quality of oocyte. It was consistent with the result by Bhandari S et al (7) with fertilization rate of 76.1%.
Our study results showed no significant difference in secondary outcome but the top quality embryo rate and mature oocyte rate were higher than control group (79.4% ± 24.2% VS 74.9% ± 22.9% and 85.2% ± 19.0% VS 81.7% ± 16.7% respectively). It has clearly shown that minimal stimulation with CC plus gonadotropin without adding GnRH antagonist is effective in preventing LH surge. The only benefit of maximal ovarian stimulation is to obtain more number of embryos which most of the clinician believe that by increasing the number of embryo could increase the pregnancy rate particularly cumulative pregnancy per cycle. But we would like to against this statement in why need to get more but moderate quality of embryo. Isn't it redundant by doing so with added complications and risk to our patients?
Medroxyprogesterone has been used in preventing premature LH surge (13) by Kuang et al (13) however it does not has added role as in CC for ovarian stimulation and it does not has an extra benefit as CC in reducing the total dosage of gonadotropin and total days of stimulation (CC has positive effect on ovarian follicle development). This would provide an advantage in resources restricted ART centre (6) by providing an affordable assisted reproductive technique to patients (11, 12, 14, 15) . Gonadotropin agents are potent ovarian stimulation compared to CC and close monitoring every 2 to 3 days is needed during the ovarian stimulation to allow clinician to adjust the dosage of gonadotropin depending on the response of the ovarian stimulation. As CC has added advantage in reducing the total days of gonadotropin injection in CC group, minimal stimulation protocol requires fewer clinic visits for monitoring (12, 14) compared to conventional GnRH antagonist protocol. Frequent clinic visits to clinic would add burden to patients in applying leave and indirectly affect their performance in work.
In recent years, we moved toward single day 5 top quality embryo transfer as this could reduce the likelihood of multiple birth and increase the chances of pregnancy rate. The transitional of practice in embryo transfer from cleavage embryo to day 5 blastocyst was adopted by most of the IVF centre in decadesto increase the implantation rate as clinician believe that only the top quality embryo could survive till day 5. The number of embryos left in day 5 compared to day 3 would definitely lesser possible facing the problem of cycle cancellation. This would explain the reason of reduction in the number of top quality day 5 blastocyst in CC group (mean ± SD: 2.6 ± 1.6) compared to day 3 embryo in GnRH antagonist group (mean ± SD 4.1 ± 2.7).
Conventional COH may offer a higher chance for embryo transfer with more surplus embryo compared to mild stimulation protocol (16) . Cumulative pregnancy per one IVF cycle would be higher in conventional COH which make minimal stimulation less popular (5) and it is still a debatable issue regarding the long term cost effectiveness (1, 17) as patient need to restart a new stimulated IVF cycle if no surplus embryos left for the embryo transfer which is commonly seen in mild stimulation protocol. No. top quality embryo 2.6 ± 1.6 4.1 ± 2.7 < 0.001
Top quality embryo rate, % 79.4 ± 24.2 74.9 ± 22.9 0.178
All expresses in mean ± SD and p value was calculated by student t test
Endometrial thickness on the day of HCG administration is prognostic of fecundity and continuing of pregnancy in cycle of ovulation induction and Richard et al, 1993 has proved that CC plus gonadotropin would affect the EM thickness (18) many years ago which is consistent with my study results. However with the advancement of vitrification system, freeze-thaw embryo transfer is the best option to solve this problem and in future we are slowly moved towards freeze all as reported to achieve higher success rate (19) .
OHSS is a common complications following ovarian stimulation particularly when the number of follicle is more than 15 > during TVOR. Despite knowing that OHSS would not affect the pregnancy but Barbara et al has proved that it is associated with adverse pregnancy outcome (20) . The OHSS risk for our CC group was significant low (12.8% VS 44.1%) which is safer to the over-respondent patients. We shall provide the best care and plan to patients without causing more harm to patients. The limitation of our study is retrospective and present of confounding factors such as various causes of infertility, different usage of HCG triggering agent and different type of gonadotropin that would affect the outcome. Our study is still ongoing on pregnancy outcome such as clinical pregnancy rate, ongoing pregnancy rate, live birth rate and cumulative pregnancy rate as most of the clinician concerned about. In future, we shall consider the usage of Letrozole (aromatase inhibitor) instead of CC that would not affect the endometrial thickness allowing fresh embryo transfer (21, 22) .
Our study showed that by extending CC to 10 days without adding antagonist is safe without antagonist agent. In Herndon et al (11) study, no GnRH antagonist protocol and hormonal blood test was taken during COS IVF-ICSI. Their results has showed the fertilization rate in CC plus gonadotrophin (flare protocol) has comparable result (p = 0.37) as other protocol like CC/Letrozole alone, sequential protocol and gonadotrophin alone. It is feasible not to add GnRH antagonist agent if extending CC from 5 to 10 days as an agent to prevent premature ovarian surge.
CONCLUSION
It has always being a challenge for clinician using gonadotrophin stimulation in the occurrence of premature LH surge. The incidence of premature LH surge varies depending on different studies. Luteinization before ovarian follicle maturation give negative impact on the quality of oocyte and embryos.
Although the use of GnRH antagonist co-administration is advisable for mild stimulation to prevent LH surge but our study examine that not adding GnRH antagonist in mild stimulation protocol is viable option with comparable outcome with conventional COH -ICSI consistent with other studies (5, 7, 23) . Minimal stimulation protocol with CC and gonadotropin may be the answer to many infertile couples in need of IVF and yet having financial situation deterring them in attempting IVF treatment. It may be a suitable protocol for over-respondent patients knowing the fact that the quality of the oocytes is inversely with the number of oocytes obtaining from transvaginal oocyte retrieval.
In conclusion, IVF cycle is a burdensome process and we as a clinician should provide a friendly COH protocol to our patients and the safety of the patients should be prioritized avoiding or minimizing the complications. We should rethink the aim of "successful IVF" by helping patient to conceive or to complete the family. Why need more and extensive ovarian stimulation like conventional GnRH antagonist protocol by risking the patients to unwanted complications? CC is effective in COH-ICSI particularly in low economy country and did not have negative influence on the treatment outcome. Management for ART protocol should always be individualized (24) as every patients are different. 
